We present and discuss a "3-dimensional" diagnostic diagram for Seyfert2 galaxies obtained by means of X-ray and [OIII] data on a large sample of objects (reported in the Appendix). The diagram shows the Kα iron line equivalent width as a function of both the column density derived from the photoelectric cutoff and the 2-10 keV flux normalized to the [OIII] optical line flux (the latter corrected for extinction and assumed to be a true indicator of the source intrinsic luminosity). We find that the hard X-ray properties of type 2 objects depend on a single parameter, the absorbing column density along the line of sight, in accordance with the unified model. The diagram can be used to identify
Introduction
The discovery of broad emission lines in the polarized spectrum of a number of Seyfert 2 galaxies, has provided the first observational evidence in favour of the unified model which states that the main discriminating parameter between the two Seyfert (Sey) types is the inclination of our line of sight with respect to an obscuring torus surrounding the nucleus (see Antonucci 1993 for a review). X-ray data have subsequently reinforced this idea by demonstrating that type 2 objects are generally characterized by strong absorption, corresponding to column densities N H ≥ 10 22 cm −2 , Turner et al. 1997a , Maiolino et al. 1998 ). X-ray measurements of the column densities in Sey2s proved to be important in our understanding the nature of the absorbing medium, the validity of the unifying theory and also the relevance of type 2 objects to the synthesis of the X-ray background.
The intrinsic absorption also defines the source characteristics: for N H ≤ 10 24 cm −2 , X-rays above a few keV can penetrate the torus making the source nucleus visible to the observer and the column density measurable; in this case the source is called "Compton thin". For values of N H around a few 10 24 cm −2 , only X-rays in the 10-100 keV range pass through the torus and so only data in this band allow an estimate of the source column density. For values of N H higher than 10 25 cm −2 , also X-rays above a few tens of keV are absorbed (as photons, after a few scattering, are redshifted down to the photo-absorption regime) and the nucleus is totally hidden to our view; in these sources only emission reflected by the torus (cold reflected component) or scattered by warm material near the nucleus (warm scattered component) is observed. In this case, the photoelectric cut-off (if any) in the observed spectrum does not provide information on the real column density absorbing the primary X-ray source and so the galaxy may be erroneously classified as a low absorption object; therefore, for N H ≫ 10 24 cm −2 , the X-ray data can only provide a lower limit to the value of the column density. These so called "Compton thick" sources are extremely faint in -4 -X-rays and therefore until recently only a few were known (Matt 1997) . The improvement in sensitivity of current X-ray telescopes has allowed few more sources of this type to be discovered (Turner et al. 1997b , Maiolino et al. 1998 .
Evidence for the presence of obscuring material can also be obtained via X-ray spectroscopy as iron line emission is expected to be produced either via transmission through (Leahy & Creighton 1993) or scattering/reflection by (Ghisellini et al. 1994 , Matt et al. 1996a ) the absorbing material . In most Compton thin cases the observed equivalent widths (EW) are of the order of a few hundred eV, consistent with the typical spectra of Sey1s transmitted through the observed column densities (Turner et al. 1998) . When the column density increases to a few 10 23 cm −2 , the line EW increases as it is measured against a depressed continuum; the EW can be higher than 1 keV for column densities ≥ 10 24 cm −2 and such values are indeed observed in highly absorbed objects and Compton thick sources (Matt 1997 , Maiolino et al. 1998 ). Although it is tempting to identify all sources with high equivalent width as Compton thick systems, such condition can also occur if the ionizing radiation is anisotropic (Ghisellini et al 1991) , or if there is a lag between a drop in the continuum and in the line emission as indeed observed in NGC2992 by Weaver et al. (1996) . Therefore when looking for Compton thick candidates, it is important to take other evidence into consideration.
Measuring the X-ray luminosity against an isotropic indicator of the intrinsic brightness of the source offers an alternative method for evaluating N H : assuming that the unifying theory is correct, the X-ray flux is depressed with respect to this isotropic indicator by an amount related to the absorbing column density. flux may be affected by large scale obscuration in the host galaxy , -5 -Hes et al. 1993 , while the FIR flux may be contaminated by a starburst component . While it is difficult to account for the starburst component, it is possible to correct the [OIII] emission for the extinction towards the Narrow Line Region as deduced from the Balmer decrement. Studies performed in the past have found that the ratio between the 2-10 keV X-ray and [OIII] fluxes (hereafter T or thickness parameter) cover the range 1-100 for both type 1 and type 2 objects. This was taken as evidence that the torus column density is never high on average (Mulchaey et al. 1994 , Alonso-Herrero et al. 1997 . However, these results were strongly biased for type 2 objects as it will become apparent in the following.
A 3D diagnostic diagram in the X-ray band
As the X-ray band provides 3 ways to measure the absorption along the line of sight (the photoelectric cutoff, the iron line EW and the thickness parameter T) it is convenient to plot Seyfert galaxies in this 3-dimensional parameter space.
Figure 1 is a plot of T versus EW for a large sample of Sey2s, with the value of the column density derived from the photoelectric cutoff coded in the symbols as indicated. In the Appendix, we present the database used for the present study. It consists of a sample of 73 objects for which "good" X-ray spectra were available in the literature (see the Appendix for details on the selection criterion). The spectral fit of the hard X-ray data of these sources were quite homogeneous: an absorbed power law and a gaussian to account for the Fe line.
[OIII] fluxes were also collected from the literature. Particular care has been taken to correct the [OIII] fluxes for reddening affecting the Narrow Line Region; this correction is not negligible in several cases (see Appendix) and provides a more meaningful estimate of the T parameter with respect to previous studies (Mulchaey et al. 1994 , Alonso-Herrero et al. 1997 . A few objects, although present in the Tables of the Appendix, have been   -6 -discarded from the following analysis because of dubious data: F09104+4109 and Cygnus A have X-ray data probably contaminated by intracluster emission while for NGC5128 it is difficult to estimate both the [OIII] flux (see Appendix) and the nuclear X-ray flux (Turner et al. 1997c) . In three cases (NGC3031/M81, NG6251 and IRAS20210+1121) a 6.7 keV line is the only iron Kα line detected and so its EW is plotted in the figure.
An immediate result of figure 1 is a T distribution quite different from previous reports;
in particular T can be ≪ 1, in a significant fraction of Sey2s whereas all well studied Sey1s have T≥ 1 (Maiolino et al. 1998) . Since the sample used in building up this diagnostic diagram is highly heterogeneous, the relative populations of the various portions of it may not correspond to the real distribution. However the general shape of the diagram, which appears to be qualitatively in agreement with the unified theory and with the assumption that the dereddened [OIII] flux is an isotropic indicator of the intrinsic luminosity of the Sey nucleus, is meaningful and translates into quantitative terms the relations between the 3 absorption indicators which were sketched qualitatively in the introduction.
The relationship shown in figure 1 can be used to confirm already known Compton thick sources and to suggest new candidates; in particular, sources where the flux is too weak for spectral fitting and T is known to be ≤ 0.1 are likely to be highly absorbed objects (i.e. with N H ≥ 10 24 cm −2 ).
In figure 1, 14 likely Compton thick sources are shown (see also Matt (1997) for NGC1068, Circinus galaxy and NGC6240, Malaguti et al.(1998) for NGC7674, Ueno et al. (1998 ) for F20210+1121 and Maiolino et al. (1998 for NGC1386, NGC2273, NGC3393 and NGC5643) and we confirm this classification on the basis of our diagram. Note that since for the sources discussed by Maiolino et al. (1998) the X-ray NGC1667, MKN1210 and MKN477. The cases of NGC5135 and NGC4968 were considered inconclusive by Turner et al. (1997b) because of the large uncertainty on the line EW.
However the low value of T for both of them, almost two orders of magnitude lower than the average in Sey1s, and the small measured column density, consistent with being entirely due to galactic absorption, make them very likely Compton thick candidates. The same considerations apply to NGC1667 whose classification was also considered uncertain by Turner et al. Note, however , that an alternative interpretation for the location of this source in the diagnostic diagram is possible (see discussion below). MKN1210 and MKN477 can also be considered as Compton thick objects according to our diagnostic diagram, although their nature is less well defined than in previous cases. In particular, the EW is lower than expected in MKN477 but both the low T value and the observed flat X-ray spectrum, typical of reflection dominated sources, are consistent with our suggestion. On the other hand, the Compton thick nature of three other sources discussed by Turner et al. (1997b) , namely MKN 273, MKN463 and NGC2992 is still questionable according to figure 1. In MKN 273 and MKN463, the 6.4 keV line EW is smaller than ∼ 600 keV and compatible with the observed column densities while the not so low values of T, 0.7 and 0.3 respectively, are consistent with Sey1 values if a correction for absorption is applied to the X-ray flux.
Different is the case of NGC2992: Weaver et al. (1996) studied this source and reported a systematic decrease in the 2-10 kev luminosity by a factor of ∼16 over the last 20 years, while the iron line flux decreased only by a factor 2-3 and the reflection component became 5 times stronger. These authors interpreted the data in terms of a lag between reprocessed and intrinsic fluxes and accordingly located the reprocessor at the torus. We rephrase their statement and suggest that when an active nucleus fades away it moves along the diagnostic -10 -diagram at a constant column density, in a way which depends on the geometry and physics of the reflecting material. The temporal "evolution" of NGC2992 in our diagnostic diagram is shown in figure 2 , based on data in Table 1 -2 of the Appendix and past data (Weaver et al. 1996) . Another object similar to NGC2992 is NGC1808, which declined significantly in flux from Ginga to ASCA observation , Turner et al. 1997a , thus moving in the diagram towards the region of high EW and low T values (see figure 2). It is therefore possible that, at a certain stage of their fading process, these "dying" objects can be easily mistaken for Compton thick sources. This ambiguity is for example present in the case of NGC1667 (also displayed in figure 2), which historically has varied by a factor of 150 in the 2-10 keV band , Turner et al. 1997a ) moving in T from 1.5 to 0.01; only future observations will be able to assess the correct interpretation for this object. For the time being, we consider NGC1667 as a likely Compton thick candidate also in view of the significant uncertainties associated with the Ginga observation .
The distribution of absorption column densities in Sey2s
A 3D plot like figure 1 for a sample with known selection and completeness properties would provide statistically significant information on the true distribution of absorption column densities. Such an information would be extremely valuable for constraining the geometric parameters of the torus. The available sample is not statistically valid, nevertheless it provides some bounds to this true distribution. Figure 3 (upper panel) reports the distribution of column densities for all sources in our sample excluding objects with upper limits on N H , but including MCG-05-18-002, which has been classified as a
Compton thick source by Maiolino et al. (1998) simply on the basis of its low T value.
Sources identified as Compton thick, i.e. with N H ≥ 10 24 cm −2 are indicated by a shaded -11 -area in the histogram; in particular since only data above 10 keV can rule out an absorbing column density in the range 10 24 -10 25 cm −2 , Compton thick sources for which these data are lacking are placed at N H ≥ 10 24 cm −2 , while the others are placed at N H ≥ 10 25 cm −2 .
The most remarkable result of our analysis is the discovery of a large population of highly absorbed sources: more than half of the sample has N H ≥ 10 23 cm −2 , with 25% of the sources having N H ≥ 10 24 cm −2 .
In order to proceed beyond this statement, we have considered the intersection between our X-ray sample and the sample of Sey2s defined by . The latter is an optical spectroscopic sample drawn from the RSA catalog of galaxies, which in turn is magnitude limited with respect to the host galaxy. According to the extensive discussion The shaded area bins contain objects for which only a lower limit on N H is available; in particular the first of such bin refer to objects identified as Compton thick with N H above 10 24 cm −2 for lack of high energy X-ray data. Five objects (IC1631, NGC1672, MKN273, AX1749+684 and IC1368), for which only an upper limit on the column density is available, are not included in the upper panel histogram -13 -selected solely on the basis of their [OIII] flux, is much higher than found previously. However, also the N H distribution of these sub-samples may still be affected by biases.
Even if the optical/infrared selection is unbiased, the X-ray selection (expecially for the EXOSAT, Ginga and the oldest ASCA data) favors sources already detected in previous all-sky surveys and therefore X-ray bright and/or little absorbed. We can then conclude that the true N H distribution is likely to be even more shifted towards high N H values. An estimate of the effect of this residual bias (hence an estimate of the "true" N H distribution)
is presented in , who identifies the dominant bias in the various subsamples contributing to the X-ray database and extrapolates the partial N H distributions to the entire Maiolino & Rieke sample. At any rate, the large fraction of heavily obscured Sey2s that are beginning to be found may have important implications for the synthesis of the X-ray background and has to be taken in due account in future refinements of existing models (see for example Comastri et al. 1995) .
Finally, note that a few sources in figure 3 have N H values consistent with pure galactic absorption (i.e ∼ a few 10 20 cm −2 ); they also have T values typical of Sey1s.
Some of them (M81 and NGC 5033) may be wrongly classified as Sey2s and probably are intermediate type 1.5 objects; also NGC4579 is probably a LINER, so that the low N H value is compatible with its classification (see Appendix). On the other hand, NGC7590
and NGC3147 are bona-fide Sey2s in the optical and yet have negligible absorption. The low N H could be reconciled with their Sey2s nature only if they were Compton thick, but this is not supported by their large T values (7 and 14, respectively) . Also, NGC3147 has an iron line equivalent width of 500±300 eV (consistent with a high absorption), but no line is detected in NGC7590. It is therefore tempting to conclude that there might be a few objects in which the Sey2s appearence is intrinsic and not due to obscuration. If confirmed, this would revive the long standing idea of a population of Sey2s (the "true Sey2s"?) which -14 -just miss their broad line region (Tran 1995) . Obviously more sources of this type should be identified before confirming this hypothesis.
Conclusions
We have presented a "three dimensional" diagnostic diagram in the X-ray band for a -16 -
APPENDIX. The Catalog
The catalog presented in this Appendix contains all Sey 2s for which a 'reliable' hard X-ray spectrum was available in the literature, i.e those galaxies having a spectrum observed in the 2-10 keV band that allows the determination of at least three of the following quantities: the photon index, the absorbing column density derived from the photoelectric cutoff, the 2-10 keV flux and the EW of the iron Kα line at 6.4 keV. In a few objects, the reported iron line energy is higher than 6.4 keV; these cases are highlighted by a note. Only objects classified as Seyferts of type 1.8, 1.9 or 2.0 either in NED, SIMBAD or according to , have been included in the catalog. A few exception must be justified. The recently discovered galaxies AXJ131501+3141 and AXJ1749+684 have been included on the basis of their type 2 characteristics (Akiyama et al., 1998 , Iwasawa et al., 1997a . For some objects in the sample the classification based on their optical spectra is uncertain. In particular, some have features intermediate between those of Seyferts and LINERs, while intense star formation is present in some other sources. We also came across objects with uncertain Seyfert 2 classification (for example some sources have been recently reclassified as type 1-1.5 objects by Moran, Halpern & Helfand, 1996 , Ho, Filippenko & Sargent, 1997 and Iwasawa, Brandt & Fabian, 1998 [6] and [7] respectively and reported at the end of the Table. The origin of the classification is reported in small letters next to col. [4] . The redshift of most sources falls in the interval 0.002< z <0.03 with the largest redshift in the sample being z∼0.4.
-18 -X-ray data are presented in Turner et al., 1997a) . The majority of our X-ray data come from either Ginga or ASCA observations supplemented with recent measurements performed by the BeppoSAX satellite (Maiolino et al., 1998 . Most of these hard X-ray data (which are reported here as quoted in the original reference) were fitted with an absorbed power law and a gaussian to account for the iron line. Some authors In order to enlarge the dataset, we have also searched the ASCA public archive for spectra of sources fulfilling our selection criterium and not yet available in the literature.
Data preparation has been done using version 1.3 of the XSELECT software package and version 4.0 of FTOOLS. Good time intervals were selected by applying the "Standard REV 2 Screening" criteria (as reported in Chapter 5 of the ASCA Data Reduction Guide, rev 2.0). Only GIS2 and GIS3 data have been analyzed; HIGH,MEDIUM and LOW bit rate data have been combined together. Source counts were extracted from a circular region around the centroid of the X-ray emission whose radius maximize the signal to noise ratio; similarly background data were taken from circular uncontaminated regions close to the X-ray source. The gis2v4-0.rmf and gis3v4-0.rmf were used as detector redistribution Fitting the data with more complex models, as suggested by recent works (see for example Turner et al., 1997a and references therein) , is beyond the purpose of this work and is therefore postponed to a future paper.
EDITOR: PLACE TABLE 2 HERE.
The number beside the name of each object indicates the reference (listed at the end in a footnote) from which the parameters reported in Table 2 were obtained; the letter beside some sources, those identified as Compton thick in section 2, indicate the lower limit available on N H . For some sources more than one dataset was available in the literature: in order to facilitate the use of the catalog only one entry, generally that representing the most complete, recent or best fit publication has been included in Table 2 . The list of references contained in Table 1 and 2 should represent to the best of our knowledge a complete survey of the literature up to the end of 1997, giving the largest sample of hard X-ray data on ⋆ Fe kα line equivalent width in units of eV § absorbing column density in the source direction in units of 10 20 cm −2 † 2 -10 keV observed and absorption corrected fluxes in units of 10 −11 erg sec −1 cm −2 f fixed photon index pl indicates the parameter is pegged at the lower limit ph indicates the parameter is pegged at the higher limit i line at 6.7 keV;
cf X-ray emission maybe dominated by a cooling flow around F09104+4109 (Fabian & Crawford, 1995) and by intracluster emission in Cygnus A Ueno et al., 1994) A Compton thick source with N H ≥ 10 25 cm −2 B Compton thick source with N H ≥ 10 24 cm −2
References. Malaguti et al., 1998. 
